Cotton is the second largest crop of Pakistan in terms of area after wheat and is being suffered by multiple shocks over the time due to conventional agricultural management practices, climate change, and market failures. Climate Smart Agriculture (CSA) was introduced by the Food and Agricultural Organization (FAO) in 2010, as an innovative cleaner production alternative to conventional farming that aimed at increasing the efficiency of natural resources, resilience, and productivity of agricultural production system, while reducing greenhouse gas emissions. The adverse effects of climate change on cotton production at the farm and regional level can be minimized by using CSA practices and technologies. The present study investigated the financial performance and explored the impact of CSA through sustainable water use management on cotton production in Lower Bari Doab Canal (LBDC) irrigation system of Punjab, Pakistan by using Cobb-Douglas production function. The adopters of CSA in cotton cultivation were identified by conducting six focus group discussions. Data were collected through well-structured questionnaire from 133 adopters of CSA and 65 conventional cotton growers for the cropping season 2016-2017. It was found that water-smart (raising crops on bed, laser land levelling, conjunctive use of water and drainage management), energy-smart (minimum tillage), carbon-smart (less use of chemicals) and knowledge-smart (crop rotation and improved varieties i.e., tolerant to drought, flood and heat/cold stresses) practices and technologies of CSA were adopted by the cotton farmers in the study area. Most of the farmers were of the view that they are adopting CSA practices and technologies due to the limited supply of canal water, climate change, drought-prone, massive groundwater extraction, rapidly declining groundwater table and increasing soil salinity over the time. Results revealed that uniform germination, higher yield and financial returns, the concentration of inputs and increase in resource use efficiency are the main advantages of CSA. The econometric analysis showed that implementation of CSA practices and technologies as judicious use of water and fertilizer, groundwater quality, access to extension services, and appropriate method and time of picking have a significant impact on the gross value of cotton product (GVP). The findings of the study would be helpful for policy makers to formulate policies that can minimize farmer's financial burden to adopt CSA technologies and implement for scaling out in Punjab and beyond.
Introduction
Like many other developing countries, agriculture in Pakistan is the second largest sector after service sector by contributing 19.5 percent to GDP and employs around 42 percent of the total labor force [1] . Agriculture is important for ensuring food security and reducing poverty. Low performance of this sector in Pakistan may be attributed to various factors such as high population growth, food insecurity, conventional agricultural management practices, slow rate of technological innovation, limited adoption of progressive farming techniques [2] , water scarcity, rapid urbanization, dominance of small land holdings [3] and climate change induced impacts, i.e., rising temperatures, droughts, floods and uneven pattern of rainfall [1, [4] [5] [6] . It is well documented that groundwater is under rapid depletion in Pakistan like other countries [7] [8] [9] . According to an estimate, annual total irrigated water use is about 151 Km 3 /year, which is more than 95 percent of the total withdrawal in Pakistan [10] . Water scarcity in the country is increasing and the regular occurrence of drought is posing a threat to the agricultural economy specifically. The main reasons of water scarcity in the country are silting of major reservoirs, high population growth, poor irrigation management, climate change phenomenon and lack of consensus among the provinces on the construction of new dams [10, 11] .
Agriculture sector in Pakistan is climate-sensitive and highly vulnerable to increasing weather variability and climate change and thereby, have become major barriers to achieving food security and alleviating poverty in Pakistan [12] . Several studies indicated that production of major crops in Pakistan could be significantly impacted due to receiving less rainfall, increase in temperature across the country by 0.5 • C in the past three decades [3] and variations in frequency and intensity of droughts and floods over the period of 1995-2017 [3, 5, 6] . Similarly, projections indicate that mean increase of temperature in Pakistan is higher than the expected global average (1.4 • C-3.7 • C).
Majority of the farmers in Pakistan are still practicing conventional agriculture [13] [14] [15] . Additionally, they are producing cotton using conventional agricultural management practices (applying high dose of fertilizers, pesticides and water etc.). Consequently, the conventional cotton farmers have higher cost of production and low resource use efficiency [13, 14, 16] . This study used data of conventional cotton growers to refer the cotton production, using intensive amount of external inputs.
In Pakistan, cotton is the most important and the second largest cash crop in terms of area after wheat, contributing one percent in the total GDP and 6.5 percent in the agricultural value addition. It is an important source of foreign exchange and main source of raw material to textile sector [1] . Although Pakistan is the world's fourth largest producer of cotton, yet this crop is climate-sensitive and suffered multiple shocks over the time due to conventional agricultural management practices, climate change, and market failures. Cotton crop is badly affected by climate change in Pakistan due to excessive irrigation water use along with intensive pesticide and fertilizer application [1, 13, 17] . Most of the researchers found that production of cotton in Pakistan is negatively affected by climate change [13, [18] [19] [20] and inefficient cotton production management practices [13] [14] [15] [16] . The increased vulnerability of cotton crop to insect and pest attacks, declining crop yields, excessive use of groundwater, deterioration of natural resources and human health due to chemical based conventional agriculture have raised concerns about the long-term sustainability of the system [13] [14] [15] 18, 21] .
Because of social, environmental and economic problems arising from climate change and conventional agriculture, FAO has prompted a sustainable agricultural production system i.e., Climate-Smart Agriculture (CSA) an alternative to conventional agriculture. CSA improves the efficiency of natural resources, increased resilience and productivity of agriculture, and reduce greenhouse gas emissions [22] . The technology or practice that helps to increase productivity and Sustainability 2018, 10, 2101 3 of 20 farm income, improves water and nutrient use efficiency, resilience to climate change, and reduced greenhouse gas emissions is called CSA [22] [23] [24] [25] [26] [27] [28] . The adverse effect of variability in climatic conditions on agriculture can be reduced substantially by adopting CSA practices and technologies individually or in combination [3, 12, 23, 24] . Therefore, the adoption of CSA in cotton production can improve yield, enhance resource use efficiency and farm income as well as minimize the adverse effects of climate change on its production.
Empirical studies from developed and developing countries like India have shown that simple adaptation of CSA can increase agricultural productivity and farm income. This implies that changes in cropping pattern, planting dates, adoption of new agricultural and water saving technologies have significant impact on agricultural productivity and farm income [16, 23, 24, [29] [30] [31] [32] . Similarly, many empirical studies from developed and developing countries shows that applications of CSA practices and technologies increased crop yield, resource use efficiency, net farm income, and reduced greenhouse gas emissions [24, [33] [34] [35] [36] [37] [38] [39] [40] [41] . Additionally, a few studies from Pakistan found that implementation of new agricultural practices and technologies, and adaptation to climate change significantly influencing the agricultural productivity, farm income and resource use efficiency [12, 15, 16, 32, [42] [43] [44] . Similarly, many researchers [10, [45] [46] [47] also found that groundwater quality varies across the farms and regions and have significant impact on agricultural productivity, farm income and livelihood of rural households in Pakistan. Water-smart, energy-smart, carbon-smart and knowledge-smart CSA practices and technologies are now being adopted by farmers in Pakistan [3] .
The agricultural practices and technologies are considered as climate-smart that can help to achieve at least one pillar of CSA. Three basic pillars of CSA are increased productivity, resilience to climate change and reduced greenhouse gas emission. The cultivation of cotton in Pakistan suffered multiple shocks i.e., market failures, climate change and poor agricultural management practices resulting substantial decrease in crop production [1] . It has been observed that implementation of CSA significantly minimized the adverse effects of climatic stresses, increase crop productivity, farm income and cropped area.
The rate of adoption of CSA practices and technologies is significantly influenced by economic benefits, socio-economic characteristics, operational land holding, groundwater quality and scarcity, type of ownership, credit access and extension services [5, 6, 12, 16, 23, 24, 32, 42, 44] . The goal of this study is to estimate the impact of climate-smart agriculture (CSA) through sustainable irrigation management on cotton production and livelihood of farmers in Punjab, Pakistan. There exist few studies on the implementation of new agricultural practices and technologies, and adaptation to climate change in Pakistan [12, 15, 16, 24, 32, [42] [43] [44] . Nevertheless, those studies focus on any new technology and practice with an objective to estimate the benefits and costs of adoption of that technology. This study is, to the best of knowledge, the first quantitative research to estimate the impact of climate-smart agriculture (CSA) through sustainable irrigation management on cotton production and livelihood of farmers in Punjab, Pakistan as well as provide some suggestions for policy makers for the promotion of CSA in Punjab and rest of the cotton growing area.
Materials and Methods

Data Information and Salient Features of the Study Area
This study is carried out in two irrigation divisions viz. Sahiwal and Khanewal in the command areas of LBDC irrigation system of Punjab, Pakistan (Figure 1 ), which covers 0.8 million hectares (Mha) along Bari Doab and is the second largest irrigation system of Punjab [48] . Punjab province is the major producer of cotton having 80 percent share in total production fallowed by Sindh [1]. Rice-Wheat, Cotton-Wheat, Maize-Maize and Maize-Wheat are the major cropping systems of this irrigation system. The study used a primary dataset, collected in 2017 using multi-stage sampling technique from 198 cotton farmers in the study area. In the second stage, one distributary/minor (5L and 2R/10R distributary was selected from Sahiwal and Khanewal irrigation division, respectively). In the third and the fourth stages, watercourses (2 from head, middle and tail of each distributary/minor, 12 total) and villages (16 total) were randomly selected (Table 1) . From each village 8-10 adopters of CSA in cotton production and 4-5 conventional cotton farmers were randomly selected, resulting in 198 cotton farmers i.e., 133 adopters of CSA in cotton production and 65 conventional cotton farmers. The study also conducted three Focus Group Discussions (FGDs) by engaging local Farmer's Organizations (FOs) and local leaders i.e., Nambardar (village headman nominated by the government) in each selected distributary (head, middle and tail) to identify the adopters of CSA in cotton production. The number of participants in each FGD were 25-30, of different age group, gender, income level, agriculture characteristics and geographic location along the canal. The surveyed villages had more than 50 percent of farmers using CSA practices and technologies. The field visits of that particular area found around 12 percent conventional cotton farmers from each village destroyed their cotton crop at early stage and after first picking due to abrupt weather changes, insect pest attack and poor management practices [1] . Due to these reasons the sampled population of conventional cotton farmers from each village was small compared to adopters of CSA. The study used a primary dataset, collected in 2017 using multi-stage sampling technique from 198 cotton farmers in the study area. In the second stage, one distributary/minor (5L and 2R/10R distributary was selected from Sahiwal and Khanewal irrigation division, respectively). In the third and the fourth stages, watercourses (2 from head, middle and tail of each distributary/minor, 12 total) and villages (16 total) were randomly selected (Table 1) . From each village 8-10 adopters of CSA in cotton production and 4-5 conventional cotton farmers were randomly selected, resulting in 198 cotton farmers i.e., 133 adopters of CSA in cotton production and 65 conventional cotton farmers. The study also conducted three Focus Group Discussions (FGDs) by engaging local Farmer's Organizations (FOs) and local leaders i.e., Nambardar (village headman nominated by the government) in each selected distributary (head, middle and tail) to identify the adopters of CSA in cotton production. The number of participants in each FGD were 25-30, of different age group, gender, income level, agriculture characteristics and geographic location along the canal. The surveyed villages had more than 50 percent of farmers using CSA practices and technologies. The field visits of that particular area found around 12 percent conventional cotton farmers from each village destroyed their cotton crop at early stage and after first picking due to abrupt weather changes, insect pest attack and poor management practices [1] . Due to these reasons the sampled population of conventional cotton farmers from each village was small compared to adopters of CSA. In the study area, Cotton-Wheat is the dominant cropping system as majority of the farmers grow cotton (47 percent in Khanewal and 20 percent in Sahiwal) and Wheat (51 percent in Khanewal and 46 percent in Sahiwal) as major crops during Kharif and Rabi seasons [48] . The production of cotton in the study area is adversely affected by climate change, soil salinity, drought prone, water shortage and quality, lowering depth of water table and massive extraction of groundwater due to arid and semi-arid geographic location. Due to these reasons the sampled population of conventional cotton farmers from each village was small compared to adopters of CSA. The surface and groundwater are used by the farmers to fulfill the irrigation water requirement for cotton crop in the study area. Groundwater is a main source of irrigation for agriculture as partial canal water supplies are available. In both distributaries, this study found that the contribution of canal water during the Kharif cropping season of 2016-2017 was 25-40 percent of the total irrigation requirements for Kharif crops.
Additionally, both distributaries received very low rainfall. On average, 5L and 2R/10R distributary received 160 mm and 80 mm annual rainfall, respectively. Therefore, groundwater was used as a main source of irrigation. The water table and bore depth were observed to range between 14-20 m and 50-60 m in both distributaries. The sample data also showed that the range of groundwater mining is 0.34-0.70 m/year. Because of lower water table, the tubewell installation cost and groundwater extraction cost is rising in both distributaries. It has been observed that groundwater quality varies across the canal command area, usually head farms have good groundwater quality (fit) compared to middle and tail ends (marginal fit-unfit) in both distributaries. The adopters of CSA in cotton production and conventional cotton farmers were interviewed at their farm premises by using a well-structured questionnaire. The data on climate change, groundwater quality, groundwater and surface water supplies, socio-economic characteristics, farm and household information, impact of various CSA practices and technologies on crop yield and farm income were collected from both adopters of CSA in cotton production and conventional cotton farmers in each selected village. In addition, supplementary information related to climate change, irrigation water, geographic, and farm characteristics and CSA practices and technologies were collected from the members of local Farmer's Organizations (FOs) and local leaders. Similarly, data on groundwater quality and depth of water table during Kharif and Rabi season 2016-2017 of both distributaries were collected from the Directorate of Land Reclamation (DLR), Punjab. This department collect data on groundwater quality and depth of water table twice a year i.e., Pre-monsoon (May-June) and Post-monsoon (October-November). The study also observed that various CSA practices and technologies i.e., water-smart, energy-smart, carbon-smart and knowledge-smart were widely adopted by the cotton farmers in both distributaries.
Financial Performance: Cost and Benefits
The conventional cost and benefit method are used to analyze the financial performance of adopters of CSA in cotton cultivation and conventional cotton growers. The cost of production of cotton farmers included the cost of all inputs (e.g., seed, land preparation, sowing, intercultural operations, land rent, fertilizer, irrigation, pesticides, weedicides, farm yard manure, micro-nutrients, labor wages (family and hired) and picking) used in the production process of cotton. The opportunity cost is used in case of farmers have their own land, farm machinery, seed and family labor. Similarly, total revenue (also called Gross Value Product (GVP)) is also calculated. This study used t-test assuming unequal variances for comparing the mean values of two-groups. [14, 15, 21, 49] . By using unequal variances, the proportion of adopters and conventional cotton farmers do not pose any biasness. Following [15, 32, 45, 47, 50] , estimation methods of net return and Benefit Cost Ratio (BCR) are as under.
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Econometric Model
Cobb-Douglas production function is being employed by many researchers [10, 32, [45] [46] [47] 51 ] to investigate the impact of different socio-economic factors and physical inputs on crop yield. This study used double-log production model to find the impact of climate-smart agriculture through sustainable water use management on cotton production in Lower Bari Doab Canal (LBDC) irrigation system of Punjab, Pakistan. The double-log production model is given in the form of equation: lnGVP = γ 0 + γ 1 lnX 1 + γ 2 lnX 2 + γ 3 lnX 3 + γ 4 lnX 4 + γ 5 lnX 5 + γ 6 lnX 6 + γ 7 lnX 7 +γ 8 lnX 8 + γ 9 DCSA + γ 10 DCA + γ 11 DExt. + ε i , (3) where lnGVP = log of gross value of cotton production (PKR/acre). 
Results and Discussion
Summary Statistics of Farm and Socio-Economic Characteristics
Summary statistics of farm and socio-economic characteristics of adopters of CSA in cotton production and conventional cotton farmers are given in Table 2 . The results showed that there is significant difference in the respondent's age, farming experience, educational level, operational land holding, and family workers involved in farming and picking cost between adopters of CSA in cotton production and conventional cotton farmers. Table 2 also shows that there is not a significant difference in family size, area under cotton cultivation and groundwater quality of both farmer groups. The adopters of CSA in cotton production have significantly higher farming experience compared to conventional cotton farmers i.e., 20.68 and 16.65 years, respectively. The results showed that average schooling years of adopters and conventional cotton farmers are 6.34 and 5.49, respectively. The results also showed that adopters possessed large operational land holding (11.72 acres) compared to conventional cotton farmers (9.35 acres). The power ownership, access to credit and extension services is included as dummy variable. The results showed that 45 percent of adopters of CSA in cotton production had their own power source compared to conventional cotton farmers (29 percent). However, the adopters of CSA have greater access to credit and extension services compared to conventional cotton growers in the study area. The results also showed that a higher number of family labor involved in the cultivation of cotton negatively influenced the production. The conventional cotton farmers underutilize the family labor because cultivation of cotton at small scale does not required more than two-full time workers during the whole cultivation period [16] . This implies that majority of the adopters of CSA in cotton production have regular contact with extension agents, while some of the conventional cotton farmers have not visited extension offices at all.
Level of Input Use by Cotton Farmers
The adopters of CSA in cotton production significantly used less amount of mechanical operations, seed, fertilizer, irrigation, pesticides and weedicides compared to conventional cotton farmers (Table 3) . Additionally, the adopters of CSA used higher amount of Farm Yard Manure (FYM) and Gypsum compared to conventional farmers. The results showed that 36 percent farmers used deep ploughing due to clay loam soil while all adopters of CSA used bed planter and laser land levelling for land preparation. The use of seed rate was significantly varied by farmer's group. The average seed rate used by adopters of CSA and conventional cotton farmers is 7.69 and 9.88 kg per acre, respectively. There is considerable difference in the number of bags of fertilizers applied to cotton crop between farmer's group (Table 3 ). The average number of bags of fertilizers used by adopters of CSA in cotton production is significantly less than conventional cotton farmers. This implies that conventional cotton farmers had higher dependency on fertilizers. The results showed that both adopters of CSA and conventional cotton farmers applied almost equal number of irrigations to cotton crop. These results are in line with previous studies [15, 24, 32] .
The adopters of CSA are using significantly less amount of water (2486.32 m 3 ) compared to conventional cotton farmers (3205.87 m 3 ). Per irrigation average time is 1.23 and 1.91 h for adopters of CSA and conventional cotton farmers, respectively. The use of intercultural operations by adopters of CSA is found to be significantly less compared to conventional cotton farmers. This implies that the germination and growth rate of plants is higher in bed sowing compared to drill sowing of cotton. The adopters of CSA commonly used the FYM and Gypsum in cotton production due to variation in groundwater quality. The results of this study are consistent with previous literature [15, 24, 32] . Additionally, there is considerable difference in the frequency of weedicide and pesticide sprays applied to cotton crop between farmer's groups. The average number of weedicide and pesticide applied by adopters of CSA and conventional cotton farmers are 3.97 and 6.72, respectively. The use of manual and mechanical methods to eradicate weeds is common among the adopters of CSA in cotton production. This implies that humidity is very low due to water scouting in the study area that is the main reason of less number of pesticides sprays applied by adopters of CSA in cotton production. The total cost (own land) of adopters of CSA is slightly lower and statistically non-significant compared to convention cotton farmers. Notably, even with less use of inputs and total cost, the adopters of CSA have significantly higher yield compared to conventional cotton farmers (Table 4) . These findings of the study are in line with previous literature [13, 15, 32] . Hence, these results indicated that the significant amount of inputs is saved in CSA which reduced per acre cost of production, increased farm income and as well as efficiency of resource use. 
Cost and Benefit Analysis of Cotton Production
This study found that there is significant difference in the costs of production and benefits (farm income) between farmer's group i.e., adopters of CSA and conventional cotton farmers. The results showed that conventional cotton farmers have significantly higher cost of external inputs (irrigation, intercultural operations, fertilizer and chemical) compared to adopters of CSA in cotton production ( Table 4 ). The adopters of CSA in cotton production incurred higher costs in land rent, land preparation, seed and sowing, and labor because of laser land levelling, bed planter used and skilled worker, respectively compared to convention cotton farmers. The land rent for adopters is higher than conventional cotton farmers because of the fact that most of the adopters of CSA have valued farms e.g., lined watercourse, good groundwater quality, regular canal water supply, electric tubewells, paved farm to market road, better fertile and levelled land compared to conventional cotton farms in the study area. Additionally, the land rent is also depending on the farm location with respect to watercourse and distributary i.e., head farmers have higher land rent compared to middle and tail. The adopters of CSA are using the certified seed (improved varieties that are tolerant to drought, flood and heat/cold stresses) rather conventional seed. The cost of certified seed is higher than conventional seed, but per acre seed cost of farmers group is almost same because of adopters of CSA used less seed (7.69 kg/acre) compared to conventional cotton farmers (9.88 kg/acre). This increase in seed and sowing cost is due to the reason that adopters of CSA are using bed planting sowing method. Additionally, the conventional cotton farmers have little higher total cost of production than adopters of CSA, due to excessive use of external inputs i.e., seed rate, irrigation, fertilizer, chemical. But there is no significant difference between the total costs of both farmer's group. The results of the study are in line with previous literature [13, 15, 32] .
The adopters of CSA in cotton production have significantly higher average yield (13 percent) and enjoyed a higher net income as compared to conventional cotton farmers. The net return is 21,780 and 11,793 PKR/acre for adopters of CSA and conventional cotton farmers, respectively. The entire results showed the absolute advantage of CSA over conventional cotton farming. Hence, cotton production by using CSA practices and technologies is financially, environmentally and socially far better than conventional cotton cultivation. The adopters of CSA have significant higher benefit cost ratio as compared to conventional cotton farmers. The BCR resulted that the adopters of CSA and conventional cotton farmers have financial return between 1.18 to 1.44 and 1.02 to 1.24 per unit of input cost, respectively. This implies that CSA is financially superior to conventional agriculture. The results of the study are in line with previous literature [13, 15] .
Econometric Analysis
The impact of CSA through sustainable irrigation management on cotton production and livelihood of farmers in Punjab, Pakistan has been analyzed by using the Cob-Douglas (log-log) production function. The results of the analysis with Gross Value Product (GVP) of cotton as dependent variable and operational costs, socio-economic characteristics, institutional factors, water quality and CSA as explanatory variables are presented in Figure 2 and Table 5 . The coefficient plot (Figure 2 ) of regression analysis showed that the operational costs i.e., fertilizer, tubewell irrigation and cotton picking, access to extension services and CSA practices and technologies have positive and significant impact on gross value of cotton product while groundwater quality have negatively significant impact on gross value of cotton product. The results of the analysis also showed that farming experience, cotton area, access to credit, seed and land preparation costs have insignificant impact on gross value of cotton product ( Figure 2 ). This implies that non-significant impact of farming experience on gross value of cotton product could be due to age factor and low level of education. As old farmers are reluctant to adopt new technologies easily and strictly following the conventional agricultural practices.
impact on gross value of cotton product (Figure 2 Farming experience had non-significant impact on the gross value of wheat product in Pakistan [45] . The coefficients of cost of seed and land preparation are negative and non-significant because of conventional agriculture practices. The results already showed that conventional cotton farmers used more seed rate and mechanical operations compared to adopters of CSA. These results are in line with literature [10, 13, 15, 32] . The cotton area and access to credit have non-significant impact on gross value of cotton product because of market failure and misuse of credit, respectively [44] . Source: Own calculation from survey data, 2017. Note: *** p < 0.01, ** p < 0.05, * p < 0.1. Dependent Variable = lnGVP = log of gross value of cotton product. Farming experience had non-significant impact on the gross value of wheat product in Pakistan [45] . The coefficients of cost of seed and land preparation are negative and non-significant because of conventional agriculture practices. The results already showed that conventional cotton farmers used more seed rate and mechanical operations compared to adopters of CSA. These results are in line with literature [10, 13, 15, 32] . The cotton area and access to credit have non-significant impact on gross value of cotton product because of market failure and misuse of credit, respectively [44] . Source: Own calculation from survey data, 2017. Note: *** p < 0.01, ** p < 0.05, * p < 0.1. Dependent Variable = lnGVP = log of gross value of cotton product. Table 5 shows that the coefficient of fertilizer cost showed positive and significant relationship with cotton yield. The magnitude of fertilizer coefficient is 0.063, which means one percent increase in expenditures on fertilizer use, gross value of cotton product increased by 0.063 percent. Many researchers [10, 32, 45, 47] found that fertilizer had positive and significant impact on agricultural productivity. The tubewell irrigation cost is highly significant which explained that by one percent increase in cost of tubewell irrigation, there is 0.004 percent increase in the gross value of cotton product. This implies that groundwater quality is fit for irrigation, and cotton farmers can increase yield by using groundwater for irrigation purpose efficiently because canal water supply is limited in the study area. The previous literature also second these findings [32] .
The cotton-picking cost is highly significant which implies that one percent increase in cotton picking cost, gross value of cotton product increased by 0.441 percent because it depends on cotton yield. The average cost paid by the adopters of CSA and conventional cotton farmers to female cotton pickers is 9.19 and 8.28 PKR/kg, respectively in the study area. The coefficient of groundwater quality showed that it has negative and significant relationship with cotton yield. The results showed that gross value of cotton product can be decreased by 0.0518 percent by increasing one percent in the value of electrical conductivity (EC). This implies that groundwater become unfit for irrigation as EC value increases (greater than 1.5 dS/m) and over utilization of poor quality groundwater resulted in stunted plant growth; destroy the soil structure and low yield. Many researchers [10, [45] [46] [47] 52 ] found that the poor-quality groundwater reduced the expected yield of crops.
The excess to extension services is included as dummy in the model having value 1 for excess to extension services and 0 otherwise. The coefficient of this variable is shown to have positive and highly significant impact on the gross value of cotton product. This implies that most of cotton farmers have strong linkages, regular contact with extension agents and easy access to extension services in the study area. The result of this variable is a priori, and literature supports that access to extension services have positive impact on cotton yield [10] , resource use efficiency [16, 49] . Similarly, the dummy variable of adopters of CSA in cotton production having value 1 for adopters and 0 otherwise is also regressed on gross value of cotton product. The results show that CSA have positive and highly significant impact on the gross value of cotton product. The results explained that adopters of CSA in cotton production have 13 percent higher yield than conventional cotton farmers. Many researchers [24, 34, [38] [39] [40] [41] . Found that CSA practices and technologies had proved to energy and input efficient, increase production and farm income, and address the emerging environmental problems.
The adoption of new agricultural technologies had significant impact on agricultural productivity [10, 12, 32, 38, 43] and resource use efficiency [16] . Implications of the results are that conventional cotton farmers are less productive due to excessive and inefficient use of external inputs; cotton yield can be improved by adapting CSA practices and technologies.
The entire results showed the absolute advantage of CSA over conventional cotton farming. Hence, cotton production by using CSA practices and technologies is financially, environmentally and socially far better than conventional cotton growing. The R 2 value of the model is 0.715, indicating that 71.5 percent variation in the gross value of cotton product is explained by the explanatory variables included in the model. The result of this model is adequate, and literature supports that the variables included had significant impact on cotton and wheat yield [10, 45, 47] . In this study, adopters of CSA in cotton production were directly asked to give main advantages of CSA (Figure 3) . Majority of the adopters of CSA (95 percent) reported that the CSA increased the productivity compared to conventional agriculture. The analysis of benefit cost already revealed that the adopters of CSA in cotton production have 13 percent higher yield than conventional cotton farmers ( Table 4 ). The second most important advantage (86 percent) of CSA adoption uses less of external inputs and getting higher yield.
The analysis of input use revealed that adopters of CSA in cotton production use significantly less amount of external inputs compared to conventional cotton farmers (Table 3) . Similarly, environmental friendly and resilient to climate change is the third most important advantage (74 percent) of CSA practices and technologies because the adopters of CSA are using external inputs efficiently. This implies that CSA plays a significant role in the sustainability of cotton production. The analysis of input use revealed that adopters of CSA in cotton production use significantly less amount of external inputs compared to conventional cotton farmers (Table 3) . Similarly, environmental friendly and resilient to climate change is the third most important advantage (74 percent) of CSA practices and technologies because the adopters of CSA are using external inputs efficiently. This implies that CSA plays a significant role in the sustainability of cotton production.
The pests and disease attack are minimum due to low humidity and evapotranspiration. Another advantage given by the adopters of CSA is that the significant amount of water can be saved by using CSA practices and technologies in cotton production (58 percent). The adopters of CSA produced higher water productivity compared to conventional cotton farmers. These results again strengthened by the findings of analysis of input use.
Reasons for Adoption of CSA
The adopters of CSA in cotton production were also asked to give main reasons for adopting CSA in cotton production (Figure 4) . Majority of the farmer reported that the main reasons of adopting CSA practices and technologies are climate change, limited supply of canal water, droughtprone, massive groundwater extraction, rapidly declining water table and increasing soil salinity over the time. Majority of the adopters of CSA (84 percent) reported that the main reason of adopting CSA is climate change. Other main reasons of adopting CSA are limited supply of canal water (73 percent) and rapidly declining water table (47 percent) over the time in the study area. The pests and disease attack are minimum due to low humidity and evapotranspiration. Another advantage given by the adopters of CSA is that the significant amount of water can be saved by using CSA practices and technologies in cotton production (58 percent). The adopters of CSA produced higher water productivity compared to conventional cotton farmers. These results again strengthened by the findings of analysis of input use.
The adopters of CSA in cotton production were also asked to give main reasons for adopting CSA in cotton production (Figure 4) . Majority of the farmer reported that the main reasons of adopting CSA practices and technologies are climate change, limited supply of canal water, drought-prone, massive groundwater extraction, rapidly declining water table and increasing soil salinity over the time. Majority of the adopters of CSA (84 percent) reported that the main reason of adopting CSA is climate change. Other main reasons of adopting CSA are limited supply of canal water (73 percent) and rapidly declining water table (47 percent) over the time in the study area. The analysis of input use revealed that adopters of CSA in cotton production use significantly less amount of external inputs compared to conventional cotton farmers (Table 3) . Similarly, environmental friendly and resilient to climate change is the third most important advantage (74 percent) of CSA practices and technologies because the adopters of CSA are using external inputs efficiently. This implies that CSA plays a significant role in the sustainability of cotton production.
The adopters of CSA in cotton production were also asked to give main reasons for adopting CSA in cotton production (Figure 4) . Majority of the farmer reported that the main reasons of adopting CSA practices and technologies are climate change, limited supply of canal water, droughtprone, massive groundwater extraction, rapidly declining water table and increasing soil salinity over the time. Majority of the adopters of CSA (84 percent) reported that the main reason of adopting CSA is climate change. Other main reasons of adopting CSA are limited supply of canal water (73 percent) and rapidly declining water table (47 percent) over the time in the study area. 
Reasons for Not Adopting CSA
The findings of the study show that CSA is far better than convention agriculture in terms of higher productivity, net returns and resource use efficiency but still convention agricultural practices are common among cotton growers in Punjab. Therefore, this study also asked the conventional cotton farmers to give main reasons for not adopting CSA practices and technologies in cotton production ( Figure 5) . Majority of the farmers (78.5 percent) have no perfect information (technical know-how, certified seed and pesticide sources and how to implement in fields) about CSA practices and technologies. Many convention cotton farmers (72 percent) reported that limited access to CSA technologies is the second most important reason for not adopting CSA practices and technologies. Due to this reason conventional cotton farmers continued using conventional agricultural practices. However, only 57 percent farmers reported financial constraint as a reason for not adopting CSA practices and technologies. Additionally, very small percentage of conventional cotton farmers reported that they are not interested in CSA as they perceived that their knowledge of agricultural practices is far better than the practices developed and promoted by scientist. The findings of the study show that CSA is far better than convention agriculture in terms of higher productivity, net returns and resource use efficiency but still convention agricultural practices are common among cotton growers in Punjab. Therefore, this study also asked the conventional cotton farmers to give main reasons for not adopting CSA practices and technologies in cotton production ( Figure 5) . Majority of the farmers (78.5 percent) have no perfect information (technical know-how, certified seed and pesticide sources and how to implement in fields) about CSA practices and technologies. Many convention cotton farmers (72 percent) reported that limited access to CSA technologies is the second most important reason for not adopting CSA practices and technologies. Due to this reason conventional cotton farmers continued using conventional agricultural practices. However, only 57 percent farmers reported financial constraint as a reason for not adopting CSA practices and technologies. Additionally, very small percentage of conventional cotton farmers reported that they are not interested in CSA as they perceived that their knowledge of agricultural practices is far better than the practices developed and promoted by scientist. 
Ranking of Willingness to Adopt CSA by Conventional Cotton Farmers
Additionally, the conventional cotton farmers were also asked to rank their willingness to adopt CSA practices and technologies in cotton production. Table 6 shows the ranking of CSA that conventional cotton farmers are willing to adopt. The table is only showing the first ranked option by the convention cotton farmers. Results of the ranking options made it clear that majority of the conventional cotton farmers (62 percent) are willing to adopt knowledge-smart i.e., certified seed technology of CSA and they desired for improvement in resource use efficiency and yield by adapting CSA. Similarly, many farmers (28 percent) are also willing to adopt water-smart practices and technologies of CSA. A possible solution could be providing CSA technologies at subsidized rate in the cotton growing areas on priority base. Table 6 . Ranking of willingness to adopt CSA by conventional cotton farmers (first response).
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Knowledge Additionally, the conventional cotton farmers were also asked to rank their willingness to adopt CSA practices and technologies in cotton production. Table 6 shows the ranking of CSA that conventional cotton farmers are willing to adopt. The table is only showing the first ranked option by the convention cotton farmers. Results of the ranking options made it clear that majority of the conventional cotton farmers (62 percent) are willing to adopt knowledge-smart i.e., certified seed technology of CSA and they desired for improvement in resource use efficiency and yield by adapting CSA. Similarly, many farmers (28 percent) are also willing to adopt water-smart practices and technologies of CSA. A possible solution could be providing CSA technologies at subsidized rate in the cotton growing areas on priority base. In the study area, the adoption of CSA practices and technologies as a combination has been increasing over the years, while the rate of adoption of individual CSA practice and technology is decreasing over the time (Figure 6 ). There was a significant increase in the percentage of adopters of CSA during las five years. The results show that all adopters of CSA were using knowledge, water, energy and carbon-smart practices and technologies in 2016 compared with the year 2015 (79 percent). Most of the farmers hired CSA technologies from Agricultural Service Providers (ASPs). In the study area, the adoption of CSA practices and technologies as a combination has been increasing over the years, while the rate of adoption of individual CSA practice and technology is decreasing over the time (Figure 6 ). There was a significant increase in the percentage of adopters of CSA during las five years. The results show that all adopters of CSA were using knowledge, water, energy and carbon-smart practices and technologies in 2016 compared with the year 2015 (79 percent). Most of the farmers hired CSA technologies from Agricultural Service Providers (ASPs). (Table A1) . Majority of the farmers reported that the main reason of using CSA practices and technologies were limited supply of canal water, climate change, drought-prone, massive groundwater extraction, rapidly declining water table and increasing soil salinity over the time. More than 50 percent farmers of each villages are using the combination of water-smart, energy-smart, carbon-smart and knowledge-smart practices of CSA at their own farm in the study area. The results show that CSA practices and technologies, increase resilience to climate change, improves the farm productivity (22-30 percent) as well as livelihoods of cotton farmers. Some conventional cotton farmers (10-14 percent) destroy their cotton crops after first picking due to abrupt weather changes, severe insect pest attack and poor management practices.
Conclusions
The study investigated the financial performance and impact of climate-smart agriculture through sustainable water use management on cotton production in Lower Bari Doab Canal (LBDC) irrigation system of Punjab, Pakistan. In the study area, cotton farmers are using various CSA practices and technologies to counter the adverse impacts of climate change. The study found that main reasons of adopting CSA practices and technologies are limited supply of canal water, climate change, drought-prone, massive groundwater extraction, rapidly declining water table and increasing soil salinity over the time. The results of the analysis revealed that uniform germination, higher yield and financial returns, concentration of inputs, and increase in resource use efficiency are the main advantages of CSA. The results of the analysis also revealed some interesting factors i.e., CSA, excess to extension services have positive association with gross value of cotton product, and the negative association between groundwater quality and gross value of cotton product. The entire results showed the absolute advantage of CSA over conventional cotton farming. Hence, cotton production by using CSA practices and technologies is financially, environmentally and socially far better than conventional cultivation of cotton. Consequently, these CSA practices and technologies in the cotton growing area of Punjab and Sindh province would benefit many cotton farmers and significantly reduced the negative impact of climate change and variability on cotton-wheat cropping (Table A1) . Majority of the farmers reported that the main reason of using CSA practices and technologies were limited supply of canal water, climate change, drought-prone, massive groundwater extraction, rapidly declining water table and increasing soil salinity over the time. More than 50 percent farmers of each villages are using the combination of water-smart, energy-smart, carbon-smart and knowledge-smart practices of CSA at their own farm in the study area. The results show that CSA practices and technologies, increase resilience to climate change, improves the farm productivity (22-30 percent) as well as livelihoods of cotton farmers. Some conventional cotton farmers (10-14 percent) destroy their cotton crops after first picking due to abrupt weather changes, severe insect pest attack and poor management practices.
The study investigated the financial performance and impact of climate-smart agriculture through sustainable water use management on cotton production in Lower Bari Doab Canal (LBDC) irrigation system of Punjab, Pakistan. In the study area, cotton farmers are using various CSA practices and technologies to counter the adverse impacts of climate change. The study found that main reasons of adopting CSA practices and technologies are limited supply of canal water, climate change, drought-prone, massive groundwater extraction, rapidly declining water table and increasing soil salinity over the time. The results of the analysis revealed that uniform germination, higher yield and financial returns, concentration of inputs, and increase in resource use efficiency are the main advantages of CSA. The results of the analysis also revealed some interesting factors i.e., CSA, excess to extension services have positive association with gross value of cotton product, and the negative association between groundwater quality and gross value of cotton product. The entire results showed the absolute advantage of CSA over conventional cotton farming. Hence, cotton production by using CSA practices and technologies is financially, environmentally and socially far better than conventional cultivation of cotton. Consequently, these CSA practices and technologies in the cotton growing area of Punjab and Sindh province would benefit many cotton farmers and significantly reduced the negative impact of climate change and variability on cotton-wheat cropping system in Pakistan. Therefore, the results of the analysis exposed some thought-provoking facts, which are unique in the context of Pakistan and also have significant policy implications.
The study suggested recommendations for policymakers, farmers and other stakeholders to promote CSA in cotton cultivation. These policy implications will improve crop productivity, increase net returns as thus raise livelihood of farmers.
•
One of the reason of poor cotton yield is the non-availability of certified seed at a wider scale as only 12 percent farmers are using certified seed. The government should make certain arrangements for the preparation and judicious distribution of certified cotton seed among farmers at their door step to promote CSA in cotton growing areas of Punjab. The progressive farmers can be taken on board for the production and distribution of certified seed in the vicinity at market price.
•
The government of Punjab is providing 50 percent subsidy on agricultural implements to farmers and Agricultural Service Providers (ASPs). It is advised that bed planters and laser land leveler should be included in the list of subsidized implements. The provision of these implements should be prioritized in cotton growing and water scared areas of Punjab.
• Awareness campaign about benefits of CSA practices and technologies need to be launched through print and electronic media and apps on smart phones in cotton growing areas. The success stories need to be demonstrated and disseminated, showing all the necessary measures to be adopted for sustainable farming, using CSA. Government can establish farmer's field school and give necessary training to farmers, NGOs representatives, local leaders and ASPs regarding the use of water-smart, energy-smart, carbon-smart and knowledge-smart practices and technologies of CSA.
Another important reason of low adoption rate of CSA is limited access to farm services (e.g., greater availability of resources, easy access to credit, market and agricultural extension services). The low adoption rate of CSA calls for major reforms in agricultural development policies and strategies. Access to above stated farm services can be the major drivers for adoption of CSA, particularly for small and marginalized farmers. That will provide incentives for farmers to use CSA practices and technologies which would play a role in rural poverty reduction and modernization of agriculture.
Over the time, advisory services on climate change, and CSA practices and technologies remained unsatisfactory. Because of this poor performance, cotton farmers in Pakistan are experiencing low productivity, poor resource use efficiency and excessive use of external inputs. Therefore, a need arises for enhancing the training opportunities for all stakeholders (agricultural extension agents, agricultural service providers, progressive farmers, community representatives and public and private water related agencies) about climate change, and CSA practices and technologies.
In addition to the contributions of this paper, there are several limitations that are worth mentioning. Although the sample size of conventional cotton farmers was small compared to adopters of CSA and survey was conducted in two districts with limited supply of canal water, climate change, drought-prone, massive groundwater extraction, rapidly declining water table and increasing soil salinity issues, our estimations are based on cross sectional data. Further, the target respondents in our survey are both adopters of CSA and conventional cotton farmers. A large sample size can be taken into count and other management practices can also be considered in future studies. Additionally, study can also be conducted in the areas where cotton crop is not badly affected by abrupt weather changes. 
